Summary -Two new and one known species of Metaporcelaimus from Californian natural habitats were studied using morphological and molecular approaches. Metaporcelaimus marinensis sp. n. is characterised by its body 1.99-2.48 mm long, lip region offset by deep constriction and 14-15 μm broad, odontostyle 13-15 μm long, neck 456-529 μm long, pharyngeal expansion occupying 47-50% of total neck length, pharyngo-intestinal junction bearing a dorsal lobe, uterus tripartite and 201-262 μm long, pars refringens vaginae well developed, V = 55-58, tail conical (43-55 μm, c = 43-52, c = 1.3-1.6) with its inner core somewhat notched and nearly reaching the tip, spicules 54-63 μm long and 6-7 spaced ventromedian supplements located outside the range of the spicules. Metaporcelaimus ovogranulosus sp. n. is distinguished in having body 1.54-1.96 mm long, lip region offset by deep constriction and 17-19 μm broad, odontostyle 17-19 μm long, neck 415-539 μm long, pharyngeal occupying 49-53% of total neck length, uterus simple and 27-41 μm long, uterine eggs granulate, pars refringens vaginae well developed, V = 48-51, tail conical (35-44 μm, c = 39-52, c = 1.4-1.6) with its inner core notched and nearly reaching the tip, and male unknown. Measurements and LM illustrations are also provided for M. capitatus. Metaporcelaimus was morphologically compared with Aporcelaimellus. The analysis revealed that these genera are barely distinguishable from each other. Aporcelaimellus species can be separated into two groups, one of them being morphologically similar to Metaporcelaimus. Molecular data and the derived evolutionary tree show that Metaporcelaimus and Aporcelaimellus do not share a recent common ancestor. Consequently, a new concept is proposed for Metaporcelaimus, M. ahmadi sp. n. is proposed for A. coomansi apud Ahmad nec Baqri & Khera, and 16 species of Aporcelaimellus are transferred to Metaporcelaimus. An updated list of Metaporcelaimus species with their synonyms, a key to their identification and a tabular compendium with important taxonomic morphometric characters are given.
Since its proposal by Lordello (1965) , the taxonomy of Metaporcelaimus Lordello, 1965 has been controversial. It was originally separated from Aporcelaimus Thorne & Swanger, 1936 mainly on pharynx morphology, "made up of three regions, a cardia like structure being seen between the posterior and middle parts", indeed a remarkable, but, at the same time, intriguing feature in dorylaimid nematodes. Neither Heyns (1965) in his monographic contribution on Aporcelaimidae, certainly due to the coincidence in time of its publication, or Siddiqi (1969) in his revised classification of Dorylaimoidea de Man, 1876, and Tjep- tail", and it was separated from Aporcelaimellus by a series of characters (see below for a detailed discussion), although the author suggested that further studies were needed to refine the definition of both genera.
During nematological surveys conducted during the summer of 2011 by the two first authors in natural areas of northern California (USA), several species belonging to Metaporcelaimus were collected. The morphological and molecular study provided new data that were used to elucidate the identity and a new concept of this genus.
Materials and methods

NEMATODES
The specimens were collected in several locations of northern California. Nematodes were extracted from soil samples by sieving and sucrose-centrifugation technique (specific gravity = 1.18), somewhat modified, according to Barker (1985) . The specimens were relaxed and killed by heat, fixed in 4% formaldehyde, and processed to anhydrous glycerin following Siddiqi's (1964) method. Finally, the nematodes were mounted on permanent glass slides.
LIGHT MICROSCOPY
Nematodes were measured using a light microscope. Morphometrics included de Man's indices and most of the usual measurements. Some of the best preserved specimens were photographed with a Nikon Eclipse 80i microscope and a Nikon DS digital camera. Raw photographs were edited using Adobe ® Photoshop ® CS. Drawings were made using a camera lucida.
DNA EXTRACTION, PCR AND SEQUENCING
DNA was extracted from a single individual using the proteinase K protocol. Nematode material was transferred to an Eppendorf tube containing 30 μl double distilled water, 3 μl PCR buffer (Qiagen) and 2 μl proteinase K (600 μg ml −1 ) (Promega). The tubes were incubated at 65°C (1 h ) and then at 95°C (15 min). PCR and sequence protocols were as described in detail by Álvarez-Ortega et al. (2013) . The primers used for amplification of the D2-D3 region of 28S rDNA gene were the D2A and the D3B primers (Subbotin et al., 2006) . The newly obtained sequences were submitted to the GenBank database under accession numbers JQ927438, JQ927439, JQ927440 and JQ927441.
PHYLOGENETIC ANALYSES
The newly obtained sequences were aligned with other available sequences in GenBank (Holterman et al., 2008; Pedram et al., 2011) using ClustalX 1.83 (Thompson et al., 1997) . Outgroup taxa were chosen according to the results of previous published data (Holterman et al., 2008) . Sequence alignments were manually edited using GenDoc 2. 6 (Nicholas et al., 1997) . The sequence dataset was analysed with Bayesian inference (BI) using MrBayes 3. 1.2 (Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck, 2003) . The best fit model of DNA evolution for BI was obtained using the program MrModeltest 2. 2 (Nylander, 2002 ) with the Akaike Information Criterion in conjunction with PAUP* 4b10 (Swofford, 2003) . BI analysis under the GTR + I + G model was initiated with a random starting tree and run with the four Metropolis-coupled Markov chain Monte Carlo (MCMC) for 10 6 generations. The topologies were used to generate a 50% majority rule consensus tree. Posterior probabilities (PP) are given on appropriate clades. The tree was visualised with the TreeView program (Page, 2001 ) and drawn with Adobe Acrobat 9 Pro 9.2.0. (Thorne & Swanger, 1936) Andrássy, 2001 ( Fig. 1) 
Results
Metaporcelaimus capitatus
MATERIAL EXAMINED
Three females from only one location; in good state of preservation.
MEASUREMENTS
See Table 1 .
REMARKS
Two of the authors (Álvarez-Ortega & Peña-Santiago, 2010a) recently re-described M. capitatus (= Aporcelaimellus capitatus) on the base of material (two females and one male, although one female and the male were in bad condition) from South Dakota, USA, originally studied by Thorne (1974) . The three females herein studied are very similar to this material in their general description, although some morphometric differences are also noted: broader lip region (19-22 vs 15-18 μm) , odontostyle with larger aperture (73-77 vs 50-58% of its total length), longer neck (600-624 vs 430-565 μm) and longer tail (50-51 vs 33-45 μm). Nevertheless, and taking into account that only a few nematodes were measured in both cases, these differences are provisionally considered as intraspecific, reflecting geographical variability.
MOLECULAR CHARACTERISATION
One D2-D3 of 28S rDNA gene sequence in length of 765 bp was obtained.
LOCALITY
Crossing of Walley Line and Watson Road, Sonoma County, California, USA, where the nematodes were associated with a redwood forest.
Metaporcelaimus marinensis
* sp. n. (Figs 2, 3) MATERIAL EXAMINED Three females and four males from only one location; in good state of preservation. 
MEASUREMENTS
DESCRIPTION
Adult
Slender to very slender nematodes of medium size, 1.99-2.48 mm long. Body cylindrical, tapering towards both extremities, but more so towards posterior end as tail is conical. Habitus curved ventrad after fixation, especially in posterior body region, G-shaped. Cuticle 1.5-2 μm at anterior region, 2.5-3 μm in mid-body and 3-4 μm on tail, typical of genus with outer layer thin and bearing fine but distinct transverse striation throughout body, and inner layer thicker than inner. Cervical lacunae absent. Lateral chord 9-15 μm wide, occupying 17-24% of mid-body diam., gland bodies perceptible in some specimens. Lip region offset by deep constriction, 2.6-2.9 times as broad as high and one-fourth to one-third (25-32%) of body diam. at neck base, lips separated, angular, labial and cephalic papillae low. Amphid fovea funnelshaped, its aperture 8-9.5 μm or ca three-fifths (57-68%) of lip region diam. Cheilostom nearly cylindrical, lacking any differentiation. Odontostyle typical of genus, 5.2-5.8 times as long as wide, 0.9-1.0 times as long as lip region diam., and 0.57-0.69% of body length, aperture 9-11 μm long or occupying two-thirds to three-fourths (67-75%) its length. Guiding ring plicate. Odontophore linear, rodlike, 1.8-2.0 odontostyle lengths long. Anterior region of pharynx enlarging very gradually, basal expansion 6.9-10.3 times as long as broad, 4.5-5.6 times as long as body diam., occupying 47-52% of total neck length, pharyngeal gland nuclei located as follows: DN = 59-63, DO-DN = 21, 24 μm (n = 2), S 1 N 1 = 67-71, S 1 N 2 = 76-77, S 2 N = 88-90. Nerve ring at 142-172 μm or 30-36% of total neck length from anterior end. Cardia conical, (13-18) × (10-14) μm, its junction with pharyngeal base surrounded by weak ring-like structure which is distinctly asymmetrical as it appears more developed on dorsal surface, forming a small lobe. Tail conical with rounded tip, ventrally nearly straight and dorsally more convex, and barely bent dorsad at its terminus, inner core slightly notched on its dorsal surface, nearly reaching tail tip, hence no hyaline portion. Two pairs of caudal pores, subdorsal, both in posterior half of tail.
Female
Genital system didelphic-amphidelphic, with both branches equally and well developed, anterior 411- 
Male
Genital system diorchic, testes opposed. In addition to adcloacal pair, situated at 11-14 μm from cloacal aperture, a series of 6-7 irregularly spaced, 14-31 μm apart, ventromedian supplements located outside range of spicules and at 61-82 μm from adcloacal pair. Spicules well curved ventrad, robust, 4. 3-5.4 times as long as wide and 1.5-2.0 times as long as cloacal body diam. Lateral guiding pieces 15-20 μm long, 5.4-6.8 This species is characterised by its body 1.99-2.48 mm long, lip region offset by deep constriction and 14-15 μm broad, odontostyle 13-15 μm long with its aperture occupying 67-75% of its length, neck 456-529 μm long, pharyngeal expansion 216-276 μm long or 47-50% of total neck length, pharyngo-intestinal junction bearing a dorsal lobe, female genital system didelphic-amphidelphic, uterus tripartite and 201-262 μm long or 3.7-4.7 times corresponding body diam., pars refringens vaginae with two well developed sclerotised pieces, vulva transverse (V = 55-58), tail conical (43-55 μm, c = 43-52, c = 1.3-1.6) with its inner core somewhat notched and nearly reaching the tip, spicules 54-63 μm long, and 6-7 spaced ventromedian supplements located outside the range of the spicules.
The new species is very similar to M. mombucae Lordello, 1965 , a poorly known species since the original description by Lordello (1965; see also 1967) , on the basis of a single Brazilian female, lacks relevant details such as the morphology of the genital system (presence/absence of pars refringens vaginae, uterus length, etc.) and of the inner core of the tail. The description of the Californian specimens in general fits well with the original one, although the lip region is narrower (vs 18.5 μm), the odontostyle shorter (vs 16.8 μm) and the tail is relatively shorter (vs c = 34.2). Monteiro (1970a, b) studied a Brazilian population (six females and seven males) that the author identified as A. conicaudatus (Altherr, 1953) Monteiro, 1970 but that Andrássy (2001 regarded as identical to A. mombucae. Monteiro (1970) provided measurements of both sexes but, unfortunately, only described the male. The morphometrics of the females are also similar to those of the Californian specimens herein examined, although some differences are also noted, for instance longer odontostyle (15.7-18.6 μm) , more anterior vulva (V = 50. 5-54.6 ) and longer female tail (c = 30.2-35.7). Concerning the Brazilian males, they have longer (71.4-78.6 μm), more slender and less curved, ventrad spicules (see Monteiro, Fig. 5) . Assuming that Lordello's female and Monteiro's population belong to the same species, the new species differs from them in having a shorter female tail, slightly more posterior vulva and shorter and more robust spicules. These differences might be interpreted as intraspecific variability but the morphology of spicules is an especially relevant character that provisionally supports the separation of the Californian material from the Brazilian. Andrássy (2001) 
DESCRIPTION
Female
Slender nematodes of medium size, 1.54-1.96 mm long. Body cylindrical, tapering towards both extremities, but more so towards posterior end as tail is conical. Habitus curved ventrad after fixation, especially in posterior body region, C-shaped. Cuticle 2.0-2.5 μm thick in anterior region, 2.5-3.5 μm at mid-body and 3.0-4.5 μm on tail, typical of genus, outer layer thin and bearing fine but distinct transverse striation throughout body, inner layer thicker than outer. Cervical lacunae may be present, but of variable development. Lateral chords 6-13 μm wide or 15-24% of mid-body diam., gland bodies * The specific epithet refers to the morphology of the uterine egg shell. .6 (35-44) occasionally visible but poorly developed. Lip region offset by deep constriction, 2.8-3.1 times as broad as high and one-third to one-half (35-46%) of body diam. at neck base, lips angular and moderately separated, labial papillae slightly protruding. Amphid fovea funnel-shaped, its aperture 9.0-9.5 μm or ca one-half (47-54%) of lip region diam. Cheilostom nearly cylindrical, lacking any differentiation. Odontostyle typical of genus, 4.9-5.4 times as long as wide, 0.9-1.0 times as long as lip region diam., and 0.9-1.14% of body length, aperture 11-14 μm long or occupying up to three-fourths (70-74%) its length. Guiding ring plicate. Odontophore linear, rod-like, 1.5-1.9 odontostyle lengths long. Anterior region of pharynx enlarging very gradually; basal expansion 6.7-9.1 times as long as wide, 4.7-5.8 times as long as body diam., occupying 49-53% of total neck length, pharyngeal gland nuclei apparently located as follows: 
On the identity and the taxonomy of Metaporcelaimus
HISTORICAL OUTLINE Lordello (1965 Lordello ( , see also 1967 proposed Metaporcelaimus with the new and only species M. mombucae from Brazil, and classified it under the Dorylaiminae de Man, 1876 of the Dorylaimidae de Man, 1876, regarding it as close to Aporcelaimus Thorne & Swanger, 1936 . As originally defined, the most distinguishing feature of Metaporcelaimus when compared to Aporcelaimus was the pharynx morphology (Introduction). Heyns (1965) created the family Aporcelaimidae to group two genera transferred from Dorylaimidae, namely Aporcelaimus and Sectonema Thorne, 1930 , as well as four new genera: Aporcelaimellus Heyns, 1965 , Aporcelaimoides Heyns, 1965 , Makatinus Heyns, 1965 and Scapidens Heyns, 1965 . Heyns originally conceived his new family to be mainly characterised by its large size, thick cuticle, lip region offset by constriction, odontostyle with large aperture or a mural tooth as stomatal protruding structure, guiding sheath without a sclerotised fixed ring, female genital system didelphic-amphidelphic, and tail similar in both sexes. Metaporcelaimus was not considered by Heyns due to the coincidence in time of the publication of that genus and his monograph. Siddiqi (1969) overlooked the existence of Metaporcelaimus in his revised classification of Dorylaimoidea. Loof & Coomans (1970) erected Aporcelaimium Loof & Coomans, 1970 , with A. labiatum (de Man, 1880 as its type and only species, this being transferred from Eudorylaimus. The new generic taxon was characterised, among other features, by the location of S 1 N: S 1 N 1 closer to DN than to S 1 N 2 , and it was separated from Aporcelaimellus "by the shape of the vulva (a transverse slit), and in the thin outer cuticle layer; also by the low value of K". Tjepkema et al. (1971) also overlooked the existence of Metaporcelaimus in their revision of Aporcelaimellus, but concluded that (p. 50) "the relationship between Aporcelaimellus, Aporcelaimus, and Aporcelaimium also is in need of additional study". Andrássy (1976) considered Metaporcelaimus as a junior synonym of Aporcelaimellus but regarded Aporcelaimium as valid. Jairajpuri & Ahmad (1992) followed Andrássy's criteria and distinguished Aporcelaimium from Aporcelaimellus by the nature of the cuticle (inconspicuous vs conspicuous layering) and location of the pharyngeal gland nuclei (S 1 N 1 closer to DN than to S 1 N 2 vs S 1 N 1 closer to S 1 N 2 than to DN). Loof et al. (1995) formally transferred M. mombucae to Aporcelaimellus. Andrássy (2001 Andrássy ( , 2009 ; see also Vinciguerra, 2006) restored Metaporcelaimus, regarding Aporcelaimium as its junior synonym. Metaporcelaimus was mainly characterised by the "shape of labial region and stylet, the arrangement of oesophageal gland nuclei and the shape and length of tail", and it was compared with Aporcelaimellus and Aporcelaimus. As established by Andrássy (2001) , Metaporcelaimus might differ from Aporcelaimellus in eight morphological features: i) more slender body; ii) cuticle structure (inner layer homogeneous under light microscope vs divided into two distinct sub-layers with different refraction of light, especially expressed on tail;
iii) higher and narrower lip region; iv) generally longer odontostyle aperture (vs up to one-half of odontostyle length); v) comparatively anterior position of S 1 N 1 (closer to DN than to S 1 N 2 vs closer to S 1 N 2 than to DN); vi) the shape (conical vs conoid to rounded) and length (longer vs always shorter than anal body diam.) of the tail; vii) much more frequent presence of males; and viii) the always slender (dorylaimoid) spicules (vs often strongly swollen with wide lumen). However, the same author suggested that further studies would be necessary to refine the definition of both genera. In a subsequent paper, Andrássy (2009) listed 14 species under Metaporcelaimus.
COMPARATIVE MORPHOLOGICAL ANALYSIS OF Metaporcelaimus AND Aporcelaimellus
The eight tentative differences between these two genera, as proposed by Andrássy (2001, Aporcelaimellus: ratio a ranges from 14 (a = 14-18 in A. insularis Andrássy, 2004) to 49 (a = 42-49 in A. parangalitzi Ilieva & Eliava, 1993 , often varying from 20-40, since only six species (A. chauhani Baqri & Khera, 1975 , A. duhouxi (Altherr, 1963 Baqri & Khera, 1975 , A. insularis, A. krygeri (Ditlevsen, 1928 Heyns, 1965 , A. malagasi Heyns, 1996 , and A. saprophilus Gagarin & Gusakov, 2001 ) may be under 20, while a low percentage (10%, 5 out of 49) may exceed 40 (A. conoidus Thorne, 1974 , A. macropunctatus (Heyns, 1967 ) Jiménez-Guirado, 1994 , A. micropunctatus Botha & Heyns, 1990 , A. parangalitzi and A. raniensis Altherr, 1968 . Aporcelaimellus species hence display a large variability concerning this feature, often being stout (a < 20), moderately slender (a = 20-30) or slender nematodes.
Metaporcelaimus species are therefore in general more slender than those of Aporcelaimellus, but both genera show a large variability affecting ratio a and, most important, display a wide overlap. As currently defined, these taxa cannot be separated on the base of their body form.
Nature of cuticle
Metaporcelaimus: This character has not received much attention in the species descriptions and hence the literature does not provide useful information for comparative purposes. Nevertheless, our observations on a few species (see M. capitatus and M. romanicus in Álvarez-Ortega & Peña-Santiago, 2010a, b, respectively, and Californian species described above) reveals that it is typical dorylaimoid, that is consisting of a thin outer layer and a much thicker (especially at the caudal region) inner layer, lacking any special differentiation.
Aporcelaimellus: The typical representative of this genus, for instance the cosmopolitan and type species, A. obtusicaudatus (Bastian, 1865) Altherr, 1968 , as well as many rounded-tailed forms, are characterised by having a 'three-layered cuticle' (Tjepkema et al., 1971; Baqri & Khera, 1975; De Ley et al., 1993; Andrássy, 2002b) which is more perceptible in the caudal region and which consists of: i) a thin outer layer; ii) an intermediate layer, which is quite thin, but often becoming thicker at the tail terminus and forming a more or less (usually poorly) developed hyaline portion; and iii) a thick inner layer, especially dense or compact, and with different refraction when compared to the other layers. However, this pattern is not perceptible in conical-tailed forms (for instance, see several species recently re-described by Álvarez-Ortega & Peña-Santiago, 2010a), in which the nature of cuticle is completely comparable to that found in Metaporcelaimus.
Aporcelaimellus species can therefore be divided in two groups according to their cuticle nature: rounded-and rounded conoid-tailed forms show a three-layered pattern while conical tailed forms display the typical dorylaimoid, two-layered pattern. Because Metaporcelaimus species present the typical dorylaimoid two-layered pattern, they cannot be separated from the second group of Aporcelaimellus forms.
Lip region
Metaporcelaimus: Nearly all the species of this genus have the lip region offset from the adjacent body by a more or less (usually well) marked constriction. Independently of general body size, it is relatively narrow and high, 14-21 μm broad and 5-6 μm high, i.e., 2.4-3.6 times as broad as high.
Aporcelaimellus: The lip region is offset by a (usually) deep constriction, although a few species show a weaker constriction or depression. Its breadth ranges from a minimum value of 11 (11-13 μm in A. heynsi Baqri & Jairajpuri, 1968) There are no relevant differences between the genera regarding the morphology and morphometrics of the lip region: Aporcelaimellus species display a large variability which encompasses the ranges of Metaporcelaimus.
Odontostyle aperture
Metaporcelaimus: The odontostyle has a large aperture whose range varies from 50-80% and often forms twothirds to four-fifths of total odontostyle length.
Aporcelaimellus: The aperture is also variable, ranging from 50 to 80% of total length, but very often occupies up to two-thirds of total length, exceeding this range in only a few species (A. glandus Botha & Heyns, 1991 , A. heynsi, A. insignis (Loos, 1945 Khera, 1975, A. micropunctatus, A. punctatus Altherr in Altherr & Delamare-Deboutteville, 1972 and A. waenga) .
Although both genera display wide variation in this feature, in Metaporcelaimus species the odontostyle aperture is visibly longer than in Aporcelaimellus. However, there is a large overlap between the respective ranges, the reason why this is not a key diagnostic character for separating the taxa.
Arrangement of S 1 N 1
As mentioned above, the location of S 1 N 1 was the main argument for proposing Aporcelaimium (now a junior synonym of Metaporcelaimus) by Loof & Coomans (1970) and to distinguish it from other aporcelaims, including Aporcelaimellus. Unfortunately, in the past not too much attention was paid to the detailed description of pharyngeal gland nuclei and, hence, good data are available only for a limited number of species.
Metaporcelaimus: S 1 N 1 is located posterior to the middle (55-65%) of the total neck length, closer to DN (6.5-11.5%) than to S 1 N 2 (12-14%).
Aporcelaimellus: S 1 N 1 is located more posterior to the middle (59-76%) of the total neck length than in Metaporcelaimus, often closer to S 1 N 2 (4-12% of total neck length) than to DN (8-16.5% of total neck length); but also nearly equidistant to both DN and S 1 N 2 in a couple of species: A. insularis (8% and 8.5%, respectively) and A. waenga (11 and 12) ; and even slightly closer to DN than to S 1 N 2 in a few other species: A. alius Andrássy, 2002b (10% and 11.5%, respectively), A. insignis (8.5 and 11.5) , A. krygeri (8.5 and 10) A. medius Andrássy, 2002b (8.5 and 10) , and A. samarcandicus (Tulaganov, 1949) Baqri & Khera, 1975 (8.5 and 10) .
Taking into account the available information, there is no significant difference between the two genera, since, once again, Aporcelaimellus species display a wide variability that largely overlaps or embraces the known values for Metaporcelaimus species.
Tail shape and size
Metaporcelaimus: Although some variability is observed, mainly affecting morphometrics, the tail is conical with narrowly rounded tip, is straight ventrally and somewhat convex dorsally. It is 31-75 μm long and is always longer than the anal/cloacal body diam. (c = 1.0-1.9), and occupies 1.5-2.9% of total body length. As mentioned above, the cuticle is typical dorylaimoid, and its inner core often becomes irregular or notched, ending near the tail tip, hence a hyaline portion is never distinguishable.
Aporcelaimellus: Two patterns might be defined. Many species bear a convex conoid to rounded, even hemispherical, caudal region. Its length ranges from 15 to 50 μm (exceptionally exceeding these limits in a few, large species), shorter than the anal/cloacal body diam. (c = 0.2-1.1) except in two species (A. amylovorus (Thorne & Swanger, 1936) Heyns, 1965 and A. hylophilus Tjepkema, Ferris & Ferris, 1971 ) in which it is somewhat longer (c = 1.0-1.3), and occupies 0.6-2.4% (very often less than 1.5%) of total body length. As mentioned too, the cuticle of the caudal region is typically three-layered, often with the intermediate layer well developed and the inner layer showing a more refractive appearance. The inner core is rather regular, not reaching the tail tip.
An important group of conical-tailed species presents a similar pattern to that of Metaporcelaimus, i.e, conical with narrowly rounded tip, length ranging from 28 to 70 μm, always longer than anal/cloacal diam. (c = 1.1-2.0), and occupying 1.7-4.3% of total body length. The cuticle is typical dorylaimid and its inner core ends near the tail tip.
As currently defined, therefore, Metaporcelaimus and Aporcelaimellus are not distinguishable on the base of their caudal region. Nevertheless, conical-tailed species of Aporcelaimellus resemble members of Metaporcelaimus rather than the other, rounded-tailed, forms of Aporcelaimellus.
Frequency of males
The taxonomic interest of this character in separating generic taxa is questionable and does not deserve too much attention. However, a simple compilation of available data shows that in 42% of Metaporcelaimus species (5 out of 12) the male is known, and that this percentage is 35% in Aporcelaimellus (17 out of 49).
Shape of spicules
The description of these structures is often reduced to morphometrics, a mention of curvature and a usually less detailed illustration. A simple comparative analysis of their morphometrics reveals no significant difference between the genera. For instance, in Metaporcelaimus the spicules are variably slender, 4.1-6.6 times as long as wide, very similar to those found in Aporcelaimellus (range 4.2 to 6.3).
General conclusions
The results of our analysis show that, as currently defined, it is impossible to find reliable morphological differences between Aporcelaimellus and Metaporcelaimus, and that the ranges of their most relevant morphometrics widely overlap. Nevertheless, two characters, namely the nature of cuticle and the morphology of the caudal region, might have diagnostic value since Aporcelaimellus species can be divided into two groups, one of them quite close to Metaporcelaimus forms and therefore probably belonging there.
Molecular characterisation of Californian species and Aporcelaimidae phylogeny
Four sequences were obtained in the present study ( Fig. 6) Unfortunately, no sequence of any Metaporcelaimus representative was available in GenBank, and for the phylogenetic analysis sequences of other aporcelaims of the genera Aporcelaimellus, Aporcella and Sectonema, as well as representatives of other dorylaimid families were included. The evolutionary relationships as inferred from the analysis of the D2-D3 expansion segments of the LSU rDNA gene are presented in Figure 7 .
Metaporcelaimus sequences form part of a highly supported branching of the molecular tree where they clustered together with members of Sectonema. Nevertheless, it is relevant that the four Metaporcelaimus sequences are divided into two highly supported subclades, since M. marinensis sp. n. appears more related to Sectonema sequences than to other Metaporcelaimus, a result that should be interpreted with caution due to the significant morphological differences observed between the two genera.
The most relevant result of the molecular tree was the positioning of aporcelaims, which were distinctly separated and distributed within three major clades. The first major clade included Metaporcelaimus and Sectonema which clustered together and formed part of a larger clade with representatives of the Qudsianematidae Jairajpuri, 1965 (Crassolabium, Eudorylaimus, Epidorylaimus and Microdorylaimus) and Nordiidae Jairajpuri & Siddiqi, 1964 (Enchodelus, Longidorella and Pungentus) as well as one member of Dorylaimidae (Prodorylaimus). The second clade of Aporcelaimidae included Aporcella simplex, the only representative of this genus in the tree, which was grouped together with discolaims (cf., Álvarez-Ortega et al., 2013) . The third clade of Aporcelaimidae included Aporcelaimellus representatives and formed part of a large group dominated by long-tailed taxa of assorted taxonomic affiliation. This phylogenetic analysis matches the results of previous studies (see Holterman et al., 2008; Álvarez-Ortega & Peña-Santiago, 2012; Álvarez-Ortega et al., 2013) and provides evidence that the current taxonomic system for dorylaims, especially Dorylaimina, does not reflect the phylogeny of this group and should therefore be revised.
Regarding the taxonomy of aporcelaims, molecular data support the hypothesis that Aporcelaimellus, Aporcella and Metaporcelaimus are three valid genera. How- ever, the most relevant point is that these three genera do not share a very recent ancestor, i.e., they are certainly not as closely related as currently assumed, Aporcelaimidae becoming a polyphyletic taxon. Unfortunately, the systematics of Aporcelaimidae is still in a transitional stage and further, more comprehensive, studies are needed to propose a new system for this dorylaimid group.
Proposal of a new concept of the genus Metaporcelaimus
The comparative, morphological analysis of Aporcelaimellus, if all its nominal species are included, and Metaporcelaimus (see above) has not resulted in any significant difference between the genera yet has suggested an alternative option to distinguish them on the base of cuticle structure and tail morphology, making necessary a new definition of these taxa. As a consequence, Metaporcelaimus is redefined below.
Metaporcelaimus Lordello, 1965
DIAGNOSIS Aporcelaimidae. Moderately slender to very slender nematodes (ratio a often exceeding 40 and seldom under 30) of medium to large size, 0.96-4.10 mm long. Cuticle typical dorylaimoid, two-layered. Lip region offset by a more or less distinct constriction, seldom by depression. Odontostyle short, with wide aperture often occupying ca twothirds (60-70%) its length. Guiding ring simple, plicate. Odontophore rod-like. Pharynx enlarging gradually, with basal expansion occupying 42-64% of total neck length, S 1 N 1 very often slightly closer to DN than to S 1 N 2 . Female genital system didelphic-amphidelphic, pars refringens vaginae usually present, well developed. Vulva a transverse slit (V = 47-61). Tail similar in both sexes, conical with finely rounded terminus, always longer than anal body diam. (c = 1.0-2.1), ventral surface straight, dorsal convex, inner core irregular and usually notched, often forming a long extension nearly reaching tail tip, inner cuticle layer not forming a continuous layer but bearing a terminal discontinuity at tail end. Spicules dorylaimoid. Ventromedian supplements 2-16 in number, widely separated, with or without hiatus.
RELATIONSHIPS
Metaporcelaimus is morphologically similar to Aporcelaimellus, from which it mainly differs in the morphology of the caudal region (Fig. 8) if compared to the first pattern of the latter genus (see above), i.e., conical with more or less rounded terminus vs hemispherical to convex conoid, longer than anal body diam. vs only exceptionally longer than anal body diam., intermediate cuticle layer poorly developed vs distinct and often defining a hyaline area at tail terminus, inner cuticle layer with vs without a terminal discontinuity and inner core often becoming notched and irregular vs regular, very rarely notched, often forming a terminal extension almost reaching the tail tip vs no terminal digitation. In addition, Metaporcelaimus species are usually more slender, showing (when present) a poorly developed cervical lacuna vs often well developed, have an odontostyle with a larger aperture and have S 1 N 1 more anteriorly located. However, these features show a wide variability in the two genera and their diagnostic value should be taken with caution.
Metaporcelaimus also resembles Aporcella (see new concept of this taxon by Álvarez-Ortega et al., 2013) , but differs from the latter in the morphology of the tail (vs totally comparable to Aporcelaimellus in the nature of cuticle layers and inner core, see above), and pars refringens vaginae only exceptionally (vs always) absent.
In some aspects it is also comparable to conical-tailed representatives of Qudsianematinae Jairajpuri, 1965, but differs in the odontostyle which is comparatively shorter and stronger (vs often 6-8 times as long as wide), and with a larger aperture (vs less than one-half of total length).
REMARKS
As mentioned, molecular data suggest that Metaporcelaimus, together with Sectonema, might be more closely related to qudsianematid and other dorylaimid taxa than to Aporcelaimellus, a question that should be matter for further studies in the context of a general revision of the Dorylaimina. In the meantime, and for practical reasons, it is kept under Aporcelaimidae.
The new concept proposed for Metaporcelaimus puts special emphasis in the morphology of the caudal region to distinguish it from Aporcelaimellus, and this is the reason why several species are tentatively transferred, on the base of available information in the literature, from the latter to the former. This action results in two, more homogenous, genera. Thorne & Swanger, 1936 = Eudorylaimus capitatus (Thorne & Swanger, 1936) Andrássy, 1959
= Aporcelaimellus capitatus (Thorne & Swanger, 1936 ) Heyns, 1965 M. chauhani (Baqri & Khera, 1975 ) comb. n. * = Aporcelaimellus chauhani (Baqri & Khera, 1975) = Eudorylaimus chauhani (Baqri & Khera, 1975) Andrássy, 1986 M. conoidus (Thorne, 1974 ) comb. n. * = Aporcelaimellus conoidus Thorne, 1974 M. coomansi (Baqri & Khera, 1975 Andrássy, 2001 = Aporcelaimellus coomansi Baqri & Khera, 1975 M. cylindricus (Ahmad, 1995 (Brzeski, 1964) Altherr & Loof, 1969 M. oceanicus Andrássy, 2001 = Aporcelaimellus conicaudatus apud Williams (1959) = Aporcelaimellus conicaudatus apud Heyns (1995) M. ovogranulosus sp. n. M. parangalitzi (Ilieva & Eliava, 1993 ) comb. n. * = Aporcelaimellus parangalitzi Ilieva & Eliava, 1993 M. parmus (Thorne, 1974 comb. n. * = Aporcelaimellus parmus Thorne, 1974 M. placus (Thorne, 1974 = Aporcelaimellus placus Thorne, 1974 M. raniensis (Altherr, 1968 = Aporcelaimellus raniensis Altherr, 1968 M. romanicus (Popovici, 1978 Andrássy, 2001 = Aporcelaimus romanicus Popovici, 1978 M. shamimi (Ahmad, 1995 comb. n. * = Aporcelaimellus shamimi Ahmad, 1995 M. silvanus (Vinciguerra & Giannetto, 1983 ) comb. n. * = Aporcelaimellus silvanus Vinciguerra & Giannetto, 1983 M. subhasi (Gantait, Bhattacharya & Chatterjee, 2006 comb. n. * = Aporcelaimellus subhasi Gantait, Bhattacharya & Chatterjee, 2006 M. sublabiatus (Thorne & Swanger, 1936 Andrássy, 2001 = Dorylaimus sublabiatus Thorne & Swanger, 1936 = Eudorylaimus sublabiatus (Thorne & Swanger, 1936) Andrássy, 1959 = Aporcelaimus sublabiatus (Thorne & Swanger, 1936) Brzeski, 1962 = Aporcelaimellus sublabiatus (Thorne & Swanger, 1936 ) Thorne, 1974 M. thornei (Álvarez-Ortega & Peña-Santiago, 2010 comb. n. * = Aporcelaimellus sublabiatus apud Thorne (1974 Thorne, 1974 NOTES ON SOME SPECIES Metaporcelaimus ahmadi sp. n.: Ahmad (1995) studied an Indian population identified as Aporcelaimellus coomansi Baqri & Khera, 1975 , also known from India and later transferred to Metaporcelaimus by Andrássy (2001) . Nevertheless, Ahmad's description differed from the original one in several morphometrics, being longer (1.88-2.27 vs 1.68-1.90 mm long) and more slender (a = 38-51 vs 32-33), with a comparatively shorter neck (b = 4. 3-4.8 vs 3.8-4.1) and pharyngeal expansion (45-52 vs 53-55% of total neck length), and presence of males vs absent. Both populations are thus easily distinguishable and, despite the few specimens (four females) studied in each case, their differences are herein considered significant enough to support a separate status. Thus, Ahmad's material is considered to belong to a new species, Metaporcelaimus ahmadi sp. n., named in honour of Prof. Dr. W. Ahmad, who originally studied this Indian material.
Metaporcelaimus chauhani comb. n.: The conical tail with finely rounded tip of this species supports its in-clusion in Metaporcelaimus rather than Aporcelaimellus. Jana and Baqri (1981) described three females and one male belonging to this species but having a larger general size (body length 1.51-1.90 mm in females, 1.88 in male) which exceeds the range of the type population (body length 0.96- 1.42 in females, no male) and raises some doubts as to the identity of this material.
Metaporcelaimus conoidus comb. n.: A recent reexamination of type material of this species (Álvarez-Ortega & Peña-Santiago, 2010a) revealed that some of its distinctive features (inner cuticle layer apparently bearing a terminal discontinuity; slender body, a = 36-42; and conical tail with rounded terminus, c = 1.3) better fit the pattern of Metaporcelaimus than that of Aporcelaimellus.
Metaporcelaimus cylindricus comb. n.: The true identity of this taxon deserves further study, but the morphology of its tail (conical, lacking a continuous and refractive inner layer) supports its provisional transference to Metaporcelaimus.
Metaporcelaimus donghwaens comb. n.: The general morphology of this species, especially that of the caudal region, perfectly fits the new concept (conical tail, inner cuticle layer bearing a distinct discontinuity, inner core with a terminal digitation) of Metaporcelaimus and justifies its transference to this genus.
Metaporcelaimus efficiens: The true identity of this species remains obscure. Thorne & Swanger's (1936) original description is very poor in detail, but Andrássy (2001) transferred it from Aporcelaimellus to Metaporcelaimus, an action which is provisionally followed here. Thorne & Swanger (1936) mentioned that Dorylaimus efficiens was very similar to D. simplex, also originally described by them, a species recently transferred from Metaporcelaimus to Aporcella by Álvarez-Ortega et al. (2013) . On the other hand, M. efficiens is very similar, if not identical, to M. raniensis (see below), from which it can be distinguished by minor morphometric differences derived from the study of only one female in each case.
Metaporcelaimus indicus comb. n.: Andrássy (2001) regarded this species as a junior synonym of M. mombucae, but there are several morphometric differences between them, namely larger (L = 2.40-2.45 vs 1.83-2.34 ) and more slender (a = 49-52 vs 28-42) body, more posterior vulva (V = 57-58 vs 50-56), comparatively shorter tail (c = 41-43 vs 30-36) and male unknown vs known. On the other hand, assuming that the pars refringens vaginae is absent, the general morphology of this species also fits that of some members of Discolaiminae, although the general size is larger. Hence, further studies are needed to clarify its identity, although its conical tail and resemblance to M. mombucae suggests it should be provisionally classified under Metaporcelaimus rather than under Aporcelaimellus.
Metaporcelaimus insignis comb. n.: A recent re-examination of type material of this species (Álvarez-Ortega & Peña-Santiago, 2011) revealed that some of its distinctive features (slender body, a = 35-40; and conical tail with finely rounded terminus, c = 1.6-1.9) better fit the pattern of Metaporcelaimus than that of Aporcelaimellus.
Metaporcelaimus littoralis comb. n.: Although the original description of this species is not very detailed, the morphology of the caudal region (conical with rounded terminus, apparently with a terminal discontinuity of inner cuticle layer, and short or notched inner core) seems more similar to Metaporcelaimus than to Aporcelaimellus, the reason why it is transferred to the former genus.
Metaporcelaimus parangalitzi comb. n.: Tail morphology (conical with inner core forming a terminal digitation) in this species fits well the Metaporcelaimus pattern.
Metaporcelaimus parmus comb. n., M. placus comb. n. and M. thornei comb. n.: Álvarez-Ortega & Peña-Santiago (2010a) have recently re-described or described these species on the basis of type material. In all three cases the tail is conical, with the inner cuticle layer weakly refractive and discontinuous at the end, and the inner core irregular and with terminal digitation.
Metaporcelaimus raniensis comb. n.: Altherr's (1968) original description of this species, based on only one female, lacks many details and contains some inconsistencies, for instance the morphometrics of the caudal region significantly differ when data from text and those obtained from illustrations are compared. Andrássy (2002b) regarded it as a junior synonym of Aporcelaimellus taylori Yeates, 1967 , but there are some relevant differences between both taxa: more slender body in M. raniensis (a = 44 vs 29), pars refringens vaginae present vs absent, and more posterior vulva (V = 57 vs 50). It is herein regarded as a valid species and, due to its conical tail with inner core nearly reaching the terminus, provisionally classified under Metaporcelaimus.
Metaporcelaimus shamimi comb. n.: Tail morphology (conical with finely rounded tip with a terminal discontinuity of inner cuticle layer) in this species fits well the Metaporcelaimus pattern.
Metaporcelaimus silvanus comb. n.: The conical tail with finely rounded tip of this species supports its inclusion in Metaporcelaimus. as conicaudatus 2%% 3.12, 2.85 34 4.1, 3.8 51, 39 1.4, 1.8 54, 55 18, 19 17, 18.5 760 41, 44 195, 210 27 silvanus 5%% 1.61-1.76 28-34 3.4-3.8 Jana & Baqri (1981); 9, Baniyamuddin & Ahmad (2007); 10, Thorne (1974); 11, Loos (1949); 12, Choi, Khan & Choi (2001) ; 13, Thorne & Swanger (1936); 14, Baqri & Jairajpuri (1968); 15, Loos (1945); 16, Álvarez-Ortega & Peña-Santiago (2011); 17, de Man (1880); 18, Loof (1961); 19, Altherr (1953); 20, Andrássy (1962); 21, Altherr (1974); 22, Bongers (1988); 23, Andrássy (2000) ; 24, Allgén (1953); 25, Orselli & Vinciguerra (1999); 26, Lordello (1967); 27, Monteiro (1970a); 28, Monteiro (1970b); 29, Brzeski (1964); 30, Williams (1959); 31, Heyns (1995) ; 32, Ilieva & Eliava (1993); 33, Altherr (1968); 34, Popovici (1978) ; 35, Álvarez-Ortega & Peña-Santiago (2010b); 36, Vinciguerra & Giannetto (1983) ; 37, Vinciguerra & Giannetto (1987) ; 38, Gantait et al. (2006) . Table 3 provides a compendium of Metaporcelaimus species with taxonomically important morphometrics characters and information on its current distribution.
